Abstract Flood situation (August 2002) in small urban streams radically changed status of water ecosystem, which had been created naturally and anthropogenically for a long time. The aim of the afterflood research has been to record development of a creek recovery in positive as well as negative sense: recovery of benthic colonisation and reloading of contaminants (heavy metals) in bottom sediment. The Botic creek (its one section) was chosen as an experimental stream. This section of the creak is influenced by combine sewer system (two overflows -CSOs) as well as storm sewer system (one outlet -SSO). Heavy metals concentrations in water, sediment and body tissue of benthic organisms of the Botic creek and quality of benthic communities were monitored long term before flood. Comparison of results before and after flood can better assess impact of extreme water stage on a small stream.
Introduction
The Czech Republic was heavily impacted by a catastrophic flood during August 2002. The flood did not occur only on big rivers, but affected also small streams. The damage of the aquatic ecosystem and flood plains are usually mentioned with connection to big rivers and effects of small streams, especially small urban streams, are left out of consideration. In the Czech Republic, where a lot of rivers spring and later leave the country, small streams are very important, not only from the hydrological point of view, but also from the socioeconomic view, because much of the population is living close to this type of stream.
Flood in urban watersheds can be caused by three different reasons: 1) drainage of flood from natural watershed to urban watershed, 2) high natural runoff from an urban watershed during local rain with high intensity and 3) concentration runoff from combine or storm sewer outlets (artificial flood). In the first case the causation of flood is located outside of urban area. The flood is caused by hydrological event in an upstream section of watershed and it expands to the urban area along the river. In the second case the flood originates directly in particular urban watershed, where during intensive rain event the runoff is very high. This situation is typical for small streams. In the third case the flood originates directly in particular urban watershed and is caused by concentrated runoff from sewer system.
The extreme flows causing significant ecological streams disturbance are the natural phenomena which are multiplied by human activities. The human activities like agriculture, irrigation and urbanization (incl. urban drainage) change frequency and peak discharges in receiving waters. The effect of flood can be summarized into three groups: hydraulic and hydrological, chemical and morphological changes of the water body. All these groups have significantly effect on the benthic community structure (O'Reilly and Novotny, 1999) . This paper presents situation, which was observed before and after catastrophic natural flood in August 2002 on small urban stream (the Botic creek) in Prague agglomeration. The main focus is given to changes of heavy metals (HM) concentrations in aquatic environment (especially in sediment), as well as changes of the benthic community structure (BCS) and HM concentrations in body tissue of benthic organisms, caused by the flood.
Experimental watershed
The experimental watershed belongs to the Botic creek, a tributary of the Vltava River in Prague agglomeration. A study section of the stream is below the Hostivař reservoir, from km 10.719 to km 12.745. In the upstream area there is agricultural activity as the main source of pollution, but in the study section (sampling sites from B0 to B4) point sources of pollution are more important. There are two overflows (CSO1 and CSO2) from the combine sewer system and one storm sewer outlet (SSO) (Figure 1 ). The quality of wastewater from the overflows is influenced by industry. Industrial plants participate especially in Cu, Zn, and Ni contamination. Site B0 was selected as reference locality.
Methods
Heavy metals (Cu, Cr, Ni, Pb, and Zn) concentrations in water, bottom sediment and benthic organisms as well as bentic community quality of the Botic creek have been monitored since 1998. Before-flood and after-flood concentrations of HM have been compared and three coefficients have been used within the risk assessment: the distribution coefficient (K d ), which gives information about what medium (water or solid phase of sediment) is crucial for the risk assessment (Page, 1999) . The Hazard Quotient (HQ), calculated as ratio of measured concentration in stream and a toxicological criterion (Barnthouse et al., 1982) . The US EPA toxicological benchmarks TEC (Threshold Effect Concentration) and PEC (Probable Effect Concentration) (Jones et al., 1997) were used as toxicological criteria. The biota sediment accumulation factor (BSFA) is calculated as a ratio of measured concentration in body tissue and concentration in sediment (Rand, 1995) . The methodology of the risk assessment is more detailed described in Nabelkova et al. (2005) .
For biological assessment kick sampling method was used. Biological indexes (number of individuals, number of species s, saprobity index Si, ASPT index and diversity H) were calculated (Kokes and Vojtíšková, 1999; Knoben et al., 1995) .
The recovery potential of benthic community was studied with help of samplers filled by artificial substrate. The samplers were cylindrical (3.75 l) filed with 2 -3 cm pebbles and were deposit into the stream (set of 6 on each locality) and were picked up weekly. For assessing of completeness of colonization the Sokal similarity index P v (Kokes & Vojtiskova, 1999) was used. A reference community was obtained by kick sampling method. As a reference the community collected before the flood was selected. If this index shows value higher than 85%, the colonization can be considered as finished (Taylor and Kovats, 1995) . (Figure 2 ). Biological availability of metals could increase: metals could release from solid material of sediment during extreme flow and moreover, HM contamination coming from sewer system persisted in liquid phase because of decrease binding capacity of sediment (wash out of fine and organic fraction).
Concentrations of HM in water of the Botic creek (90 percentile of not exceeding) indicate no ecological risk according to HQ during the whole monitored period. Nevertheless water concentrations are very changeable, mainly in small streams, and some occasional event may cause increase of metals concentration and acute risk for aquatic biota without recording by point sampling. In case of our study stream, the aquatic ecosystem is few times per year impacted by accidental spill of industrial waste water directly to stream. Unfortunately, particularly during flooding, when a risk of increase concentrations is mostly probable, monitoring of HM could not be carried out.
Concentrations in sediment during period 1998 -2001 have been found out highly risky (Figure 3a) . Serious risk has been indicated in all sampling sites, by both types of toxicological criteria. The highest risk has been monitored below CSOs. Cu toxicity is dominant practically in the whole study section of the Botic creek but mostly below CSO1. Pb toxicity is significant in profile B4 impacted by CSO as well as SSO (Pollert and Handova, 2001 ). Heavy metals concentrations in sediment decreased (Figure 3b ) after flood. The decrease can be explained partly by remobilization during flood back to water, partly also by mixing of contaminated sediment with less contaminated sediment transported during flood from upstream. Cu is still major pollutant and the highest risk is Figure 2 Comparison of distribution coefficients before and after flood in localities above (B0) and below (B2) CSO still indicated below CSO1. The risk is much lower according to TEC and by using PEC, even no risk is estimated. No expected trend of graduated increase of HM concentrations in sediment after flood has been observed. One of the main reasons is changes in management of wastewater, restoration of CSO1 and consequently smaller amount of waste water entering directly the stream. Since 2001 CSO1 has been reconstructing and now only heavy storm events overflow to the stream. Minimal dilution ratio is 1:5 against dilution ration in 1998-2001, when the ratio was 2.5:1. Concentrations of HM in body tissue of all present species were measured. The BSFA shows that there are differences between values measured before and after floods. Organisms collected after the flood had lower values of BSFA and mostly also lower body concentrations (Figure 4) , than organisms collected before the flood. Exception was observed in case of few metals (Cr, Pb and Zn) in case of organisms collected below CSO, concentration after the flood were slightly higher than before the flood. There is a high variability of concentration among species and sampling sites and also the ability of each metal to be bioaccumlated changed in time. The differences among species can be explained mostly by different feeding habits, size and age of organisms. The differences among elements and their bioaccumulation can be caused by different chemical forms of particular elements.
Biology
The flood discharge (approximately 45 m 3 /s) in the creek during the flood have been hundred times higher than average discharge (250 l/s). Biology indexes show differences before and after the flood and are in agreement with chemical analyses results. Shortly after the flood the benthic community was strongly decimated. Figure 5 Number of individuals, number of species (s) and diversity (H) comparison BCS before and after the flood Diversity of the benthic community decreased after the flood at all localities ( Figure 5 ). This can be explained by washing out of organisms as well as substrates. Especially, fine particles were washed out from the riffles zones and settled in the pools, and the aquatic environment became more uniform and number of acceptable habitats decreased and the stream became suitable for less number of species.
H
Indexes indicating organic pollution, Si index and ASPT index, showed after flood improving situation (Figure 6 ). It can be interpret by wash out of organic pollution. Consequently, more sensitive organisms appeared on all study sites. Shortly after the flood samplers with artificial substrate were placed into the stream to study recovery potential of the benthic community after the catastrophic flood. The samplers were used to minimized effect of missing habitat and differences in substrate on different sites. The recolonization experiment took 6 weeks, thought literature (Taylor and Kovats, 1995; Gore, 1982; Meier et al., 1979) noticed that the recolonization is finished within 28-45 days, complete recolonization was not observed on our study sites (Sokal similarity index P v was 56%, 31% and 47% for B0, B3 resp. B4 site) due to persist high discharges, significantly lower than during the flood, but close to maximal ecological discharges (Kominkova et al., 2004) and allowing surviving of the community, but not development. The progress of colonization shows increasing trend (Figure 7) . At first there was low colonization rate, which is possible to explain by the fact, that artificial substrate did not contain organic matter (it takes certain time to introduce it into sampler). The number of individuals shows variation because of discharge changes, which are caused by runoff from natural as well as from urbanized areas.
Conclusions
Flood situation caused changes in aquatic ecosystem of the Botic creek. † Biological availability of heavy metals could increase during flood, as decrease of K d values showed. Metals could remobilize from solid material of sediment during extreme flow rates or could persist in liquid phase because of missing sediment material † Heavy metals concentrations in sediment decreased after flood probably because of remobilization during flood back to water or mixing of contaminated sediment with less contaminated sediment transported during flood from upstream. Major pollutant is Cu and highest risk is still indicated below CSO1. The risk is much lower after flood. No expected trend of graduated increase of HM concentrations in sediment after flood has been observed. † Benthos community was strongly decimated shortly after the flood, but in long term the quality of the community increase. † The fact that loading of sediment by HM after flood has not increase indicates that the management of wastewater in watershed improved and that the contamination of sediment was and is mostly old pollutant load. The catastrophic flood negatively impacted the stream in the short term perspective; destruction of habitat, decimation of benthos community, probably high acute toxicological risk. But in long term perspective the flood had positive effect; wash out of pollutantheavy metals, organic material, nutrients, improving Si and ASPT indexes and more sensitive species appeared after the flood. The negative long term effect of the flood is mostly socio-economical, but not ecological.
